Quantitative analysis of retroviral and lentiviral gene transfer to murine embryonic stem cells.
The effectiveness of retrovirus or lentivirus transduction of embryonic stem (ES) cells is often limited because transgene expression is silenced or variegated. We wondered if other steps of transduction, in addition to gene expression, were restricted in ES cells. We quantitatively compared (1) the amount of virus binding, (2) the number of integrated transgenes, and (3) the resulting level of gene expression. We found that three- to fourfold fewer retroviruses and lentiviruses bound to R1 mES cells than to NIH 3T3 cells, suggesting that both types of viruses bind less efficiently to mES cells. Retroviruses and lentiviruses differed in the efficiency with which they completed post-binding steps of transduction. In R1 mES cells, we detected 3-fold fewer integrated retrovirus transgenes and 11-fold lower expression levels than in NIH 3T3 cells, which suggests that the primary limitation to retrovirus transduction may be low levels of transgene expression. In contrast, we detected 10-fold fewer integrated lentivirus transgenes and 8-fold lower expression levels in R1 mES cells than in NIH 3T3 cells, which suggests that lentivirus transduction may be limited by inefficient intracellular post-binding steps of transduction. The implications of our findings for developing improved viral vectors for transducing mES cells are discussed.